We investigated a small rotation-torsion interaction in the microwave spectrum of trans-gauche ethylnitrite, CH3CH2ONO. We found the difference between the two lowest energy levels of the torsion around the C O bond axis to be 24.8(8) kHz. The high resolution of microwave Fourier transform (MWFT) spectroscopy was necessary to measure the resulting small splittings.
Introduction
Several investigations were made on the microwave spectrum of ethylnitrite in recent years. Turner [1] assigned the spectra of three conformers called cistrans, cis-gauche, and trans-gauche ethylnitrite. They are shown in Figure 1 . Endo et al. [2] recorded the spectra of some istopomers and determined partial structures. In 1988 we published the ground state quadrupole coupling constants of all three conformers [3] determined by microwave Fourier transform (MWFT) spectroscopy. We found an additional split ting of the c-type transitions of trans-gauche ethyl nitrite. Turner [1] found a similar, but much larger splitting of the c-type transitions of the named conformer in an excited state of the torsion around the C -O bond axis. This splitting is caused by the inter action between the overall rotation and the tunnel ing motion through the barrier separating the two equivalent gauche-conformations. The splitting in the ground torsional state should have the same reason. To confirm this hypothesis, further research had to be done.
Experimental
Ethylnitrite was purchased from Fa. MerckSchuchardt, Darmstadt, in a purity of 85% and dis tilled under low pressure for further purification. The measurements were made with waveguide MWFT spectrometers in the frequency range from 3.8 to Reprint requests to Prof. Dr. H. Dreizler, Institut für Physi kalische Chemie der Universität Kiel, Ohlshausenstr. 40. W-2300 Kiel 1. Germany.
40 GHz [4] [5] [6] [7] [8] at pressures between 0.025 and 0.2 Pa and temperatures between -30 and -55 °C. We focused our attention on recording additional c-type transitions to gain more information on the rotationtorsion interaction.
The Fourier transformation of a transient emission signal into the frequency domain causes line shape deformations, especially in the case of narrow multipletts [9] . To eliminate these overlap effects, the fre quencies of the transitions were determined by a least squares fit of the time domain signal [10] . Because this fit program was improved since our last publication on ethylnitrite [3] , all transitions given there were re fitted to gain more accurate hyperfine frequencies. We focused our attention on measuring additional c-type transitions with their torsional hyperfine structure. A total of 5 a-and 29 c-type transitions was measured. A list of all transitions is given in Table 1 . For an example see Fig. 3 of [3] , To calculate the hypothetical center frequencies we used the quadrupole coupling We assume that only the first two torsional states (y = 0 ,1 in Fig. 3 ) take part in the rotation-torsion interaction. The Hamiltonian (lb), (lc) includes the usual centrifugal distortion Hcd according to Watson [12] . This implies that the rigidity for vibrational de grees of freedom has been lifted by allowing small amplitude vibrations.
Only a short sketch of the development of this Hamiltonian is outlined in [11] . We therefore per formed a careful step by step development of the Hamiltonian and confirmed especially that the trans formation from the principal axis system of inertia to the reduced axis system is in fact a contact transforma tion. That means that the angular momenta com ponents in the reduced axis system obey the normal commutation relations of quantum mechanical angu lar momenta and can be treated in the usual manner. Details of these rather extended considerations are given in [13] .
The c-dipole moment is an odd function of the C -O torsional angle, hence c-type transitions connect the v -0 and v = 1 torsional states and show a splitting of approximately twice the energy difference AE0l (see Figure 4) .
The fit of the measured transitions to the Hamil tonian was carried out with a modified version of the program MALON*. 
Results and Discussion
From the splittings of the c-type transitions (ca. 45-140 kHz) one expects the torsional energy differ ence AE01 to be in the range between 20 and 70 kHz. This small difference entails that the rotational and centrifugal distortion constants for both torsional states are nearly equal. The following notation is em ployed. For example:
When performing a centrifugal distortion analysis ac cording to Watson up to sixth order, we have 15 inde pendent rotational and centrifugal distortion con stants for each torsional state, or, with the just given notation, 15 sums and 15 differences of them. In addi tion we must fit AE0l and F01. Because we could not fit 32 parameters to 68 transitions independently and simultaneously, some fixing of common rotational and centrifugal distortion constants for the two tor sional states was necessary. Therefore a first fit was carried out with all differences of constants fixed to zero. We then tried to improve the reproduction of the measured spectrum with different combinations of dif ferences allowed to be nonzero and included in the fit. The best reproduction was achieved with inclusion of ABl., AC,,, and A(AK)V. The results are summarized in Table 2 . One can see from this Table that the energy difference AE01 is only 24.8(8) kHz. The high resolu tion of MWFT spectroscopy was necessary to deter mine such a small effect with sufficient accuracy.
